Abstract: Shale gas proponents argue this unconventional fossil fuel offers a -bridge‖ towards a cleaner energy system by offsetting higher-carbon fuels such as coal. The technical feasibility of reconciling shale gas development with climate action remains contested. However, we here argue that governance challenges are both more pressing and more profound. Reconciling shale gas and climate action requires institutions capable of responding effectively to uncertainty; intervening to mandate emissions reductions and internalize costs to industry; and managing the energy system strategically towards a lower carbon future. Such policy measures prove challenging, particularly in jurisdictions that stand to benefit economically from unconventional fuels. We illustrate this dilemma through a case study of shale gas development in British Columbia, Canada, a global leader on climate policy that is nonetheless struggling to manage gas development for mitigation. The BC case is indicative of the constraints jurisdictions face both to reconcile gas development and climate action, and to manage the industry adequately to achieve social licence and minimize resistance. More broadly, the case attests to the magnitude of change required to transform our energy systems to mitigate climate change.
Introduction
Mitigating climate change presents a profound challenge, not least because both our physical and political infrastructure are structured around fossil fuels that still comprise over 80% of world energy use [1] . There is broad consensus across academic literature that global energy use must rise to improve energy equity, while at the same time global fossil fuel emissions must decline to avert dangerous climate change: the International Energy Agency (IEA) estimated in 2012 that only one third of proven global fossil fuel reserves can be consumed, if we are to limit global warming to 2 °C, barring widespread deployment of carbon capture and storage [1] . Despite ongoing calls to reshape energy systems, fossil fuel use continues to rise [2] , and many jurisdictions are expanding production along new frontiers to meet growing demand. For example, deepwater, arctic, superdeep, heavy oil bitumen, and oil shale resources are already contributing or may soon contribute to global oil supplies, while shale, tight sands, and coal seam gas contribute to global gas supplies [3] .
The first unconventional source to enter widespread production is shale gas, obtained from underground shale rock formations using new horizontal drilling and hydraulic fracturing technologies that have rendered competitive sources previously dismissed as uneconomical [4] . Shale gas has created an energy boom that is already transforming energy systems in North America, with cascading effects worldwide. In North America, shale gas has been widely characterized as a positive -game changer,‖ moving the continent from a net gas importer towards self-sufficiency and possibly even export amidst the deepest recession in decades. Shale gas production is now expanding to the United Kingdom, Poland, Australia, Qatar, South Africa, and China [1] . Globally, shale gas could be a significant contributor to growing global energy needs, with gas consumption expected to increase by 44% between 2010 and 2035 [5] .
This unprecedented global shift brings with it commensurate risks and opportunities for climate change mitigation. Critics note that by developing unconventional sources we risk creating more path-dependent fossil fuel infrastructure, maintaining fossil fuel supply at a higher Energy Return on Investment, and impacting sensitive ecosystems from the Greenlandic Arctic to South African Karoo that have little history of fossil fuel development and may already be adversely affected by climate change. However, the IEA, among others, suggests that shale gas can form part of a medium-term transition to clean energy sources by creating a cost-competitive and lower-carbon alternative to coal, the most carbon-intensive, abundant, and inexpensive of fossil fuels [6] . The IEA's most ambitious scenarios for greenhouse gas reductions call for increased global natural gas production [1, 7] . Numerous jurisdictions appeal to this logic in support of development, suggesting shale gas will be an essential -bridging fuel‖ towards renewable energy.
In what follows, we identify the core technical and governance [8] challenges of reconciling increased shale gas development with climate change mitigation. We find that policy measures to do so are falling short, with current institutions constrained in their capacity to regulate the industry; hesitant to impose costs, actively control or manage development; and threatened by the fiercely competitive international market. At the same time, public resistance to the environmental and economic deal offered by unchecked development is growing, and may thwart ambitions for rapid development. Combined, these conditions present a vexing dilemma for the state. We illustrate how these interlinked technical and governance challenges manifest in one jurisdiction caught on the horns of the shale gas dilemma: the province of British Columbia, Canada. A global leader on climate policy, the Province nonetheless shows little inclination or ability to manage development adequately for climate mitigation, illustrating the magnitude of environmental governance challenges faced by jurisdictions developing shale gas resources.
Although conditions vary across jurisdictions, the essential point is transferable: in the context of climate change, shale gas requires new kinds of institutions and governance capacity, bringing to light core challenges of transforming our energy systems to mitigate climate change. We acknowledge that reducing dependency on oil and coal poses commensurate challenges, and our analysis does not dismiss the possibility of shale gas serving the needs of climate mitigation under some conditions; rather, we argue that reconciling shale gas and climate action must be engaged as a governance challenge, and attempt to sketch out that challenge.
Technical and Governance Challenges of Shale Gas Development
To date, academic literature and international organizations have emphasized the technical challenges of managing shale gas development safely. This first wave of analysis has generated answers, and further questions, about the relative impacts of shale gas compared to conventional gas, coal, or renewables [9] [10] [11] [12] [13] [14] [15] [16] [17] ; has modeled various climate scenarios to show how the rise of natural gas affects the trajectory of greenhouse gas emissions [15, 18] ; and has produced case studies on watershed impacts, contamination and public health [19, 20] . These studies reach divided conclusions, drawing attention to both prospective benefits (such as reduced emissions and reduced particulate) and concerns about shale gas (notably increased emissions under some scenarios and water quality, ecosystem and health impacts). Emerging literature addresses some of the governance challenges associated with shale gas development, including economic dynamics [21, 22] and the capacity of different regulatory regimes [23, 24] . In this section, we synthesize existing literature to explore both the technical and governance challenges specific to reconciling shale gas with climate mitigation. We suggest this would require at a minimum a concerted focus on three sets of challenges: responding effectively to uncertainty, reshaping the political-economic context towards emissions reductions, and planning for long-term energy system transformation.
Responding Effectively to Uncertainty
While politicians label natural gas as a -clean energy source,‖ scientific uncertainty about the climate impacts of unconventional gas development remains, posing both technical and governance challenges. Debate is driven by uncertainty about input variables used to calculate the emissions factors of shale gas. The IEA [6] bases their scenarios on the assumption that, over a 100-year warming period, shale gas is 3.5%-12% more emissions-intensive than conventional gas [25] and consequently preferable to coal. While such estimates guide policy worldwide, the exact benefit of shale gas over coal remains contested [26] .
Fugitive methane emissions or -leakage‖ [27] from shale gas production is the primary source of uncertainty and controversy. While some studies suggest fugitive emissions are similar for conventional gas and shale gas-or even that shale gas has a lower emissions factor than conventional gas [16] -there is some consensus that shale gas emissions, in general, are somewhat higher than conventional gas, primarily because of increased fugitive emissions during flowback of fracking fluids [24] . Because such fugitive emissions are methane, a greenhouse gas 23 times more potent than carbon dioxide [28, 29] , the emissions factor of natural gas is highly sensitive to the level of fugitive emissions. Recent studies have suggested that for shale gas developments to offer benefits over coal, they must leak methane at a rate of less than 3.2% of total well production [18] . Models offer various estimates of leakage rates: 1.7%-6% [9] , 3%-6% [30] , 2.4% [20] , 2.01% [16] , and 3% [18] . Direct field measurements are scarce, with 4.38% leakage reported at a field site near Boulder, Colorado [31] , and most recently 9% leakage reported for the Uinta Basin of Utah [32] . Pinning down these figures is more challenging than expected. Heterogeneous geological conditions make it difficult to generalize about emissions of gas development (see [18, 31, 33] ). The ultimate recovery of wells is also contested, with several studies showing shale wells depleting faster than early projections [21, 34] . This has drawn attention because of its implications for economic viability and investor confidence in the industry [21, 22, 35] , but also has implications for emissions, which are normalized over the well's lifetime production [36] .
Policy measures to address these areas of scientific uncertainty range from support for further scientific data collection and assessment to reinforcing or expanding regulatory bodies that provide credible information independent of industry [37] . These measures play necessary roles in providing baseline information for further policy development. For example, researching and updating emissions metrics allows for the creation of more accurate GHG inventories, which provide benchmarks for improvements and inform other policy mechanisms, including carbon pricing. These changes can also have dramatic consequences for how we view climate impacts of gas development: a revision to the Environmental Protection Agency's (EPA's) emissions factor for natural gas in 2011 [20] increased total estimated emissions of the natural gas industry by 150% [13] .
However, there are barriers to the state's capacity to effectively address scientific uncertainty. Although further research to better characterize the emissions of specific regions is underway [38] , this research takes time. The need for improved baseline science on shale gas emissions (and other impacts) would suggest the wisdom of a precautionary approach through carefully managed and moderately-paced development. Yet many jurisdictions with unconventional resources also have little experience or capacity to navigate the pressures of the fast moving and powerful international fossil fuel industry. Across North America, states and provinces have the authority to decide on whether to allow shale gas expansion; however they have few regulatory options that can keep up with the pace of competition, short of an outright ban [39] . As a result, they have tended towards either speedy opt-in or towards complete opt-out by delaying production (as in New York state and the province of Quebec) [24] . Optimistically, some argue that regulating shale gas may prove easier where existing states are not already dependent on fossil fuel revenue or beholden to privilege these industries [23] . Less optimistically, where opt-in has been the choice, we are seeing active facilitation of shale gas development that circumvents the types of knowledge production and regulatory oversight described above. For example, rather than the expanded and reinforced capacity called for above [40] , several jurisdictions have moved towards rewriting legislation that would apply to shale gas development. In the USA, for example, a 2005 loophole in the Clean Water Act exempts fracking operations from baseline monitoring otherwise required [23] , while in Canada, the national government has enacted sweeping changes to the Environmental Assessment Act that will facilitate development for oil and gas operators (discussed in Section 4.2 below).
Reducing Emissions
While reducing uncertainty marks a crucial goal, managing uncertainty effectively through a no-regrets approach to decision-making is also necessary [41] [42] [43] . Among the most crucial of no-regrets policy directions is reducing emissions from the growing industry immediately. There is growing consensus that judicious regulation can achieve this [9, 11] . Mitigation possibilities include flaring gas (so that it is released to the atmosphere as carbon dioxide) rather than venting it (as methane). An improvement over flaring gas is the use of green completions/ reduced-emissions completions technologies, which are demonstrated to greatly reduce the emissions intensity of shale gas. For example, a 2010 study by the US General Accountability Office found that green completion technologies are capable of reducing methane emissions by 40% [44] , while Jenner and Lamadrid [24] suggest they could do so by 90%.
Though industry may have other incentives to reduce fugitive emissions, including revenue loss and safety, these are not assured. The policy mechanisms for reshaping the political-economic context towards upstream emissions reductions could vary, but aggressive policies to either regulate or incentivize upstream emissions reductions are necessary. These could begin with regulations to flare rather than vent gas, and ultimately lead to a requirement for green completions. Effective monitoring for compliance with best practices to reduce leaks is also essential; as Jenner and Lamadrid [24] suggest, -compliance requires political action in the form of market interference. Without clear signals, some operators will keep on free-riding on the public goods of health, safety, and environmental protection‖.
While no-regrets emissions reductions must occur upstream where gas is produced, they can also be achieved in the way gas is integrated within the broader energy system, by promoting the use of natural gas in applications with best potential for GHG mitigation-namely, fuel switching for coal fired generation. This process has been successful in some jurisdictions where market conditions coincide with the imperative for emissions reductions, including the USA. Elsewhere, market conditions may differ and strategic energy plans that ensure that gas is used to supplant coal will require that governments actively shape development, or, in the eyes of critics, pick winners. Here, carbon pricing could play a crucial role, serving as a necessary market signal to prompt immediate fuel switching in regions still using coal and create a financial liability for operators [17] , and yielding a -double dividend‖ of revenue and climate mitigation [24, 45] .
Potential regulators face various barriers to implementing these reforms, not least of which is the perception that enacting these measures will impose costs that render the industry uncompetitive. The exact costs of regulation vary across jurisdictions and geological formations; however, the IEA [40] estimates that judicious regulation may add approximately 7% in financial costs of development of a typical shale-gas well (this estimate is based on not only emissions reductions, but also measuring and disclosing baseline conditions, and engaging local communities; selecting drilling locations to minimize impacts; isolating wells and preventing leaks; treating water responsibly; and coordinating and managing for cumulative effects). The IEA adds that such measures may be necessary to enable the industry to earn a social licence and thus stable operating conditions, and may be recovered through economies of scale.
However, the unprecedented boom in shale gas has flooded the North American market, resulting in gas prices falling to unprecedented lows, and dampening the profitability of the industry for operators (who have in turn reduced capital spending on gas, and in some cases, switched rigs to drilling for shale oil), exacerbating the difficulties of imposing new costs. Even where states do choose to impose additional costs, concern over competitiveness may mean these costs come at the expense of public revenue-an equally unpopular prospect for electorates primed with the message that shale gas will be an economic boon. In this context, concerns over competitiveness have led commentators to suggest the most robust environmental policy we can hope for is -hybrid regulation‖ consisting of self-regulation amongst companies, and imposed regulations on specific issues such as sourcing and disposal of water [24] . Whether such approaches can deliver on needed emissions reductions is an open question.
International cooperation-for example, through effective regional carbon pricing-could help avert a race to the bottom, since in the increasingly internationalized gas market, competitiveness concerns may prevent jurisdictions from imposing costs. International cooperation is also a necessary step towards managing for the unintended consequences of integrating gas into a complex, internationalized energy system. For example, the IEA notes that, -low-priced natural gas is reducing coal use in the United States, freeing up coal for export to Europe (where, in turn, it has displaced higher-priced gas)‖ [1] . However, international cooperation proves challenging. Plans for a binding global climate mitigation treaty from the United Nations Framework Convention on Climate Change have been deferred to 2020, when the Conference of Parties 17's Durban Platform for Enhanced Action promises a legal mechanism -or an agreed outcome with legal force‖ [46] . At present, carbon pricing is not in place for fully managing development in major shale-producing regions; as we discuss below, even British Columbia's carbon tax omits upstream emissions from the shale gas industry.
Situating Shale Gas within an Energy System Transformation
Even if judicious regulation and strategic use of shale gas within broader energy systems can help bring down emissions, unfettered development of unconventional gas is not compatible with climate change mitigation aspirations at the global scale. A 2 °C global average warming threshold was agreed upon in the UNFCCC's Copenhagen Accord of 2009 [46] , and while contested, this is the policy guideline for more than 100 countries. The IEA suggests that if we are to achieve an (ambitious) 2 Degree Warming Scenario at the global scale, we would need to accelerate natural gas base-load generating capacity in the short term to replace coal, then reverse this trend and start to use gas increasingly for peaking power as we move to an energy system where base load is dominated by nuclear and intermittent renewables, and fossil fuels with CCS [1, 7] . In some cases, this transition away from base-load generation will need to occur before the natural lifespan of physical infrastructure (natural gas plants have more than a 25-year lifespan); under the two degrees scenario, by 2025 our energy system as a whole would reach an average carbon intensity lower than the average of natural gas, at which time it will be a -high carbon‖ fuel relative to the desired average [7] . Even under the less ambitious 4 Degree Scenario, gas will be considered -high carbon‖ by 2040, and base load gas must ultimately be curbed in favour of peaking power [7] .
These scenarios suggest that if we are to mitigate climate change effectively, fitting shale gas into an energy system transformation will require strategic planning, both to ensure it displaces coal, and to prevent stranded assets and over construction [7] . Stranded assets include operational power plants, pipelines, and distribution networks that are not yet at the end of their lifespan, but which are no longer needed as part of a low carbon energy system. The path dependency of fossil fuel infrastructure can, in some cases, be managed towards a cleaner energy system, for example through the eventual use of hydrogen and biogas within existing natural gas infrastructure, and through the potential incorporation of carbon capture and storage [7] . However, such changes in the overall energy system require fundamental transformations to path-dependent infrastructure and take place on a multi-decadal time scale [47, 48] . Actively shaping a structural energy system transition poses first an analytical systems problem, with challenges of unpredictability (about future constraints and demands on the energy system, technological developments, the level of international ambition for climate mitigation, unintended consequences, etc.) and sub-optimization (i.e., the difficulty of optimizing emissions reductions at different scales under overlapping governance regimes).
Even if these technical challenges can be addressed, transitioning away from a lucrative resource before it is exhausted is inherently challenging, if not unprecedented. In the event that natural gas supplies, especially from unconventional sources, remain cheap and abundant, it will be difficult for states to convert or bring infrastructure off-line in favour of sources with lower emissions, entrenching economic and energy dependency on fossil fuels. At the same time, preparing to transition away from such sources may raise the same concerns about undermining competitiveness noted above, especially in an internationalized industry, and intensify pressure to rapidly exploit shale reserves to the full extent possible. Averting economic dependence may be more difficult still, requiring long term planning for economic stability, such as investing in alternative sources of energy and economic prosperity to ease the transition, and preventing structural changes in the economy such as -resource curse‖ conditions characterized by boom-bust cycles and unsustainable revenue. Ensuring that jurisdictions do not become economically locked-in also requires investment mechanisms and trade deals reshaped to allow for imposed constraints on industry expansion into the future. However, under several international treaties, including NAFTA, investor protections can be invoked and oil and gas operators can challenge moratoria that reduce the value of their tenures [49] . In some jurisdictions, the state's capacity to step back from full development of resources in the future may already be compromised.
In light of the scale of natural gas resources and the path dependency of their development, Levi [50] suggests that natural gas is less a bridge than a -hedging tool‖ against the possibility that it will be more difficult to move away from coal, rather than a means to achieving global climate goals aligned to specific warming targets. This understanding of gas's potential is consistent with the scenarios explored above, which suggest that with less ambitious climate targets, gas could play a larger role in the energy mix for longer, though would still ultimately be supplanted by low carbon sources for base load generation. Since our hydrocarbon reserves exceed the carbon budget for remaining within current warming targets [51] , the potential climate impacts of unconventional gas development can be fully understood only within the context of the full hydrocarbon energy portfolio. A full examination of various scenarios and probabilities for mitigation is beyond our current scope. However, unless we accept a higher degree of warming, it appears increased natural gas extraction and use provide only a short -bridge‖-if any-before it must be curbed alongside other fossil sources in favour of renewables and low-carbon sources [50, 52] , and even under less ambitious scenarios, gas will need to be displaced by lower carbon sources before it is exhausted. We argue this situation raises challenging governance conditions, necessitating rigorous planning and shaping of the rapidly growing industry towards a clean energy system.
The Shale Gas Dilemma and the Role of the State
The governance challenges that shale gas poses are thus not modest. In the above analysis, we find that integrating natural gas in a way that is consistent with longer-term climate stability not only requires more aggressive regulation of the industry, but also muscular leadership-presumably by the state-to shape energy system development into the future [53] . That mitigating climate change amidst a globalized and powerful fossil fuel industry poses a significant governance challenge is not new or surprising, of course; the lack of progress towards climate mitigation suggests as much. What we argue here is that while shale gas may (under some conditions) fall outside the conventional scholarship on fossil fuels and climate mitigation in its potential to reduce emissions by displacing coal, it is not exceptional to the vast political challenges of managing a novel fossil fuel industry animated by a growth imperative under geophysical conditions of climate change that require constraining and strategically shaping development [54, 55] .
In the context of the rise to dominance of neoliberal policy frameworks, with their emphasis on reducing the role of the state in the marketplace, the call for more muscular state action to regulate and shape the industry might seem almost fanciful [56] . In fossil-fuel producing jurisdictions, not only has the inclination of the state been overwhelmingly towards facilitating rather than constraining the industry, but political institutions themselves have been fundamentally shaped by the industry [57] . However, the role of the state within neoliberal policy frameworks has been varied and complex [58] , with states in many contexts not so much retreating from regulation as simultaneously shifting the focus of their regulatory efforts and actually expanding their scope and scale, leading to what some scholars have called -regulatory capitalism‖ [59] . One of the defining characteristics of regulatory capitalism is the tendency of the state to hold on to the capacity to -steer‖ industry, even as the privatization of previously public responsibilities expands the role of the private sector [60] . In this context, the question becomes that of what role the state could play, or could be made to play, in the -steering‖ of shale gas development towards the goal of climate mitigation.
We argue the answer to this question resides in part in the evolution of resistance to shale gas. States do not engage industry in a vacuum: rapid expansion of the industry-with attendant impacts-is inspiring strong resistance to the environmental and economic deal offered by unchecked development. Resistance movements have played a crucial role in establishing moratoria on fracking in France, Bulgaria, Quebec, and the US states of New York and New Jersey. As shale gas production expands elsewhere, protest-and concerns raised-likewise expand.
Although resistance manifests and focuses differently across different jurisdictions, what is shared is concern about the pace and scale of development and its resultant impacts. In densely populated areas, emphasis falls on public health and water contamination, buoyed by peer-reviewed evidence of methane contamination from fracking [19] and acknowledgement of contamination through accidental leaks and spills [40] . Elsewhere, localized resistance targets the incompatibility of shale gas development and existing or desired climate legislation; landscape-scale impacts, especially in areas of high biodiversity; distribution of risks and benefits, especially in places where landowners do not directly benefit from exploitation on or near their property; lack of disclosure and monitoring of health effects of fracking fluids; potential violations of treaty rights in traditional lands of Indigenous peoples; and concerns about whether the public is receiving a fair deal from exploitation of public resources.
Global resistance has varied, with organizations at times targeting industry on specific points, such as the universal implementation of green completions [61] , and at other times focusing more generally on linking and supporting localized resistance [62] .
While some of these concerns can be addressed by more robust regulation, transparency in how the industry operates, and effective public engagement, these steps are proving difficult for the state to implement, confronting the same barriers as effectively addressing climate mitigation described above: the difficulty of imposing costs on the industry amidst concerns over competitiveness, and an unwillingness to actively intervene in the market to shape, rather than facilitate, development. Although such constraints are excused in the name of public revenue, recent studies have questioned whether lack of control over the shale gas industry's pace and scale of development (too much, too fast) might ultimately undermine the industry's ability to deliver on promised public revenue [22, 63, 64] . This is not only because fierce competition has resulted in a glut, low prices, and falling demand [65] , but also because of the structure of the market in current regulatory contexts. A recent New York Times article suggests that a market correction to resolve oversupply has been stymied by investment mechanisms that tie operators to contracts to produce more, even at a loss, raising questions the financial viability in many American drilling operations-the most advanced worldwide [63, 66] . Proponents argue the market will -self-correct,‖ but critics have characterized this as an -Enron moment‖-the building of a bubble-in part because of inadequate regulatory oversight [35] .
In short, the industry, and governments who depend upon the revenue it generates and seek to facilitate its expansion, are facing a tangle of challenges at many sites, many of which-not surprisingly-point to the need for more effective governance of the industry to ensure that it can operate in the public interest. As long as these concerns persist, and resistance flourishes, it feeds the wider and deeper concerns about whether the industry should be allowed to expand at all, regardless of its capacity to operate in ways that are consistent with climate mitigation. Wide-ranging confidence exists that the inexpensive energy that the industry will produce will be enough to ensure its long-term viability. This may indeed be the case: tighter regulations, more transparency in their enforcement, and demonstrated public benefits will go a long way towards increasing the industry's social licence to operate. These steps will not be adequate to ensure that the industry is being developed and operating in ways consistent with climate mitigation in the longer term; however, the open question is whether resistance to the industry that pressures states on local governance concerns might also enhance the state's capacity for managing gas development for climate change; and if so, how states might themselves evolve to manage the multifaceted dilemma of abundance brought on by shale gas.
The answers to these questions are still unfolding, and undoubtedly will vary across jurisdictions. However, focusing down to the regional level, we can already begin to see how the governance challenges identified above lead to fundamental dilemmas for the state. We now turn to focus on a specific context-British Columbia, Canada-to illustrate how the shale gas dilemma we sketch above manifests. British Columbia (BC) is not an entirely representative case; in many regards its industry is an outlier, as it is more remote, more export-driven, and less likely to displace domestic coal. But while the BC case is not representative of all governance challenges, the BC case is indicative of the magnitude of governance challenges that arise from novel shale gas developments: if BC, a global leader for environmental policy, cannot reconcile its gas developments with climate mitigation aspirations, other jurisdictions will likely face commensurate challenges. With a large environmental constituency, BC is also a key site to explore how resistance to unchecked development may constraint the industry, or steer it towards improved governance; or, conversely, how the state may seek to contain resistance.
The Shale Gas Dilemma in British Columbia, Canada
British Columbia's shale gas reserves are massive, accounting for half the technically-recoverable shale gas resources in Canada [67, 68] . The reserves are located in the remote northeastern corner of the province, an area already impacted by industrial development, including forestry, mining, conventional natural gas, and large-scale hydroelectric dams. Declines in resource industries (particularly forestry and fisheries) have strained rural communities and economies across the province, generating a search for alternative sources of economic prosperity. Conveniently, much of the northeast is covered by Treaty 8, which was signed in 1899 not least to facilitate industrial development in the region [69] [70] [71] . The absence of outstanding Aboriginal rights and title claims in the region potentially makes the process of large-scale industrial development much smoother, although constitutionally-protected treaty rights still must be respected.
Resistance to its resource extraction industries has rendered BC a hub of environmental activism, and site of many innovative and transformative strategic approaches to environmental challenges [72] . The province has taken a leadership role in relation to climate mitigation, with legislated emissions reduction targets (of 33% from 2007 levels by 2020 and an 80% reduction from 2007 levels by 2050), a carbon tax (currently at $30/ton), and a commitment to maintain 90% of its electricity generating capacity from GHG-free sources [73] .
Under these conditions, BC's shale gas development has appealed heavily to the legitimizing argument that the province can maintain its global leadership role on climate mitigation, promoting its natural gas as a -climate solution‖ to aid a transition fuel to a low carbon global economy through export of liquefied natural gas (LNG) to coal-burning Asian nations, where natural gas commands a far higher price [74] . Development has proceeded rapidly. For example, 426 shale gas wells were drilled in one shale gas reserve (the Montney Play) in 2011 alone [75] . The scale of individual fracking jobs has also been impressive: in 2010 Apache completed a hydraulic fracturing job almost four times larger than any other of its kind in North America [76] . In February 2012, the Province launched an ambitious Natural Gas Strategy that articulates the broader vision for the future of the industry [74] , which includes rapidly expanding the industry over the next ten years. Pending environmental approval, the BC Jobs Plan also commits the province to have the first LNG plant in operation by 2015 and three LNG facilities operating by 2020 [74] .
The fast pace of this industry ramp up is matched by fast-paced developments elsewhere, and BC is racing to compete. As new shale gas reserves are discovered around the world, inspiring new actors to enter what is already a competitive field, the question arises of whether the price differential that makes Asian markets so attractive will persist. Lack of demand, oversupply and a weak commodity price remain concerns [77] . In a reflection on the uncertainty about the viability of the industry, we note that while there are five pipeline and terminal projects with varying stages of approval and apparent pressure to move quickly to gain advantage in the marketplace, the industry has not made final investment commitments.
Nonetheless, the rapidly developing industry has enjoyed bipartisan support from the Liberal government and the New Democratic Party in opposition [78] , both pleased to tout the prospective revenue and job creation. (The Province is anticipating 1,000-2,000 more jobs from the natural gas industry within the next five years and promised $398 million in revenue from gas royalties in 2012) [79] .
Drawing from the analysis above, we identify technical and governance challenges for reconciling climate mitigation and shale gas development in BC, before exploring implications.
Governance Challenges for Reconciling Shale Gas and Climate Action in BC
Above, we identify the key challenge of scientific uncertainty and debate on the climate impacts of shale gas; at the level of jurisdictional governance, this uncertainty is both implicated in and extended by regulatory frameworks that omit or ignore climate impacts of novel shale gas development. BC, despite its leadership on climate policy, lags on characterizing (and managing) the climate impacts of its emergent shale gas industry. A loophole in the province's carbon tax policy means it applies only to combusted fuel, exempting upstream emissions, which are estimated to account for 10% of total lifecycle emissions [80] , and formation CO 2 , which must be stripped from natural gas before piping and is vented directly to the atmosphere. At 12% of production, formation CO 2 is unusually high in BC's largest and most productive reserve, the Horn River Basin, although the smaller Montney Play has lower than average formation CO 2 [81] .
To reduce uncertainty and better characterize climate impacts, the Province should include lifecycle emissions in provincial GHG accounting and the carbon tax (see [80, 82] ). Including upstream emissions under the carbon tax would encourage producers to employ emissions reductions technologies. This policy direction would benefit from further primary research to measure upstream emissions (e.g., implement and expand monitoring of non-combustion fugitive emissions and leaks; support and produce scientific field and modeling studies examining fugitive emissions and formation CO 2 impacts specific to BC context), though best available estimates would still be an improvement over omission. However, at present, the province lacks capacity for such monitoring and evaluation, and uncertainty about the scale of emissions impacts and omission from provincial GHG accounting processes plays an enabling function in allowing the Province to delay imposing the costs of the carbon tax on the industry.
Characterizing the lifecycle climate impacts of shale gas and losing the carbon tax loophole would mark an important first step towards the Province living up to its claim that it will -maintain leadership on climate change and clean energy‖ [83] . However, BC can undertake other no-regrets steps to reduce emissions, the second key policy challenge we identify above. Given that BC wishes to export its gas, and has no coal-fired generation to replace domestically, its potential for shaping the political-economic context towards emissions reductions must focus on reducing upstream emissions, and aiding other jurisdictions in managing downstream emissions. Upstream, early expansion of the industry was justified in part by a promise to use renewable energy to power LNG facilities. The Premier has since revised this decision to suggest renewable energy may be used where feasible, opening the possibility of using natural gas itself, with its attendant emissions, but if BC was serious about reducing emissions, it could revisit use of renewable energy for liquefaction terminals and assess the relative impacts of using renewable energy and natural gas. BC could also improve accountability about venting/flaring policy [26], explore potential for green completions technologies, and consider a requirement for Carbon Capture and Storage of formation CO 2 [84] .
However, the Province has shown little willingness to impose any additional costs on the industry, which is already working at thin margins: as inexpensive natural gas has flooded the market in North America, the price has plummeted to historic lows. The actual risks of imposing additional costs to the industry are questionable; as the Pembina Institute's Matt Horne suggests, -If adding a few percent to the cost of BC LNG exports (natural gas is currently selling for close to $15 per gigajoule in Asia) makes these projects infeasible, then the business case is already so rickety that we shouldn't be taking the risk‖ [82] . However, this remains a concern for politicians. Even if emissions are measured and taxed, the fact remains that BC's targeted expansion in gas production is irreconcilable with legislated climate targets (barring rapid deployment of CCS, which is not currently being considered) [85] . This dilemma has not been seriously engaged, with politicians relying on the case that BC gas, while increasing emissions domestically, will reduce them globally.
The international case for exporting BC gas to support emissions reductions and aid in broader energy system transformation is questionable. As an exporter, BC's capacity to reduce emissions, and its main contribution towards situating shale gas within a broader clean energy systems transformation, will come from its capacity to effect climate benefits within the international energy system. However, although LNG may still outperform coal-fired generation, it requires additional liquefaction, transport, and re-gasification, which make up 18%-21% to lifecycle emissions, making LNG's benefit-especially when produced from higher-emissions shale gas-more limited [17, 86, 87] . Even then, in an international market, there is no guarantee BC's unconventional sources will contribute to mitigation. The IEA suggests that while fuel-switching and coal displacement is succeeding in the USA, it is -unlikely that LNG will displace coal in Asia. Rather LNG is more likely to add to overall capacity in an expanding energy market‖ [88] . In other words, there is no easy path to ensuring that BC's gas contributes to appropriate infrastructural development elsewhere.
Inter-jurisdictional cooperation will be a first step in ensuring BC's exported gas actually displaces energy sources with higher GHG emissions and helps reshape the broader energy system towards mitigation. BC's situation as an exporter reaffirms the need for effective regional and global carbon pricing. Though this goal remains illusive, BC has pursued regional cooperation on climate mitigation in the past through the Western Climate Initiative. Enhancing this cooperation to strengthen and deepen the carbon-pricing regime would help to ensure that the unconventional gas industry develops in ways that will be sustainable in a future low-carbon regulatory framework. Despite this, BC faces real limits in its capacity to shape downstream impacts, and current political discourse has not broached this topic. Horne [82] suggests levying a carbon tax on exported emissions and investing in climate mitigation, but acknowledges this would render the BC industry uncompetitive and would require coordinated support and adoption of other LNG exporters, and alternatives (such as investing in mitigation in export regions) seem unlikely to win public or political support.
More immediately, BC's ability to shape downstream policy may best be shown by its own commitment to climate action and capacity to lead by example by maintaining a credible leadership role in environmental policy. Turning to discuss BC's current governance regime for shale gas, we find that this is not assured.
Discussion of BC case
Eager to benefit from potential revenues from the industry, and well aware of the intensely competitive environment for the industry, both federal and provincial levels of governments have aggressively pursued an agenda of facilitating rapid expansion of fossil fuel development, particularly focused on expanding export capacity.
At the provincial level, government is actively promoting the industry with royalty credits targeting shale gas producers, public investment in road building, and fast-tracked support for development of LNG infrastructure [74] . However, existing legislation does not cover crucial concerns about shale gas production. BC lacks a framework for managing for cumulative impacts of industrial development, despite the layers of historical resource extraction (forestry, conventional gas, mining) in this global biodiversity hotspot [89] . The Auditor General of BC released a report stating that the government is not doing enough to protect biodiversity, particularly with respect to habitat conservation [90] . Provincial water legislation is outdated (and under revision), with water allocation processes particularly inadequate; comprehensive baseline water quality testing is not required; and shared governance frameworks are not in place for regions (such as the northeast) where multiple users rely on water resources [91] . With such concerns being raised more frequently, and the government appearing unwilling or able to address them, industry has sought to protect its social licence to operate through -beyond compliance‖ initiatives [92] .
At the federal level, facilitation of rapid expansion of fossil fuel development has taken the form of aggressively attacking environmental groups who oppose pipeline and other industrial developments [93] ; dismissing or reducing the power of independent advisory and oversight bodies related to climate mitigation [94] ; and enacting changes in legislation to repeal environmental protections, facilitate industry expansion, and consolidate power. The omnibus budget bill of 2012 affected 70 laws, including the Canadian Environmental Assessment Act, Navigable Waters Act, National Energy Board, and Fisheries Act. Changes to the Environmental Assessment Act significantly reduce the number of projects that will be assessed (only -designated projects,‖ as yet undefined, will be assessed) and, when an assessment happens, it will be subject to time limits that constrain the public's ability to participate. As a result, environmental assessments will now largely be conducted by the provinces, raising questions about the ability of provinces to substitute for federal oversight. In parallel, the Navigable Waters Protection Act, one of Canada's oldest federal environmental laws, was also rewritten in 2012. It is now the Navigation Protection Act (NPA), protecting navigation only and excluding 99.7% of Canada's lakes and more than 99.9% of Canada's rivers from federal oversight (it is estimated that Canada has over 2.25 million rivers, 62 of which are now protected under the NPA). In addition to this drastic reduction in the number of protected waterways, the NPA will no longer protect waterways from development that interferes with navigation. Instead, citizens will be obliged to bring common law action to protect any waterways being harmed by development [95] .
At the same time as such changes remove federal protections, they also allow for a considerable concentration of power: the federal changes the Environmental Assessment Act also give the Canadian Environmental Assessment Agency (CEAA) the power to exempt even -designated projects‖ from undergoing assessment. The federal Cabinet can also now override a -no‖ decision of the National Energy Board, effectively gutting this independent advisory board (which already is no longer required to ensure measures have been taken to minimize impacts on species at risk before approving a pipeline or other major infrastructure) [96, 97] . With these moves, the role of government at both the provincial and federal levels has been to facilitate industrial access and delay action on climate change, not to prioritize protection of natural resources.
In response, early expressions of concern about the expansion of the industry have started to harden into active resistance. Various stakeholders have raised perceptions of a lack of leadership, capacity and monitoring from the provincial government [98] , and NGOs are beginning to take active stands on the issues surrounding shale gas development [84, [99] [100] [101] [102] . Early support for the industry from First Nations is also wavering: plans to fuel LNG plants with natural gas, instead of renewable sources from Independent Power Producers have drawn fire from coastal First Nations, who have concerns about air shed quality, emissions, and the loss of long-term benefits of renewable energy production. Upstream, the Fort Nelson First Nation (whose traditional territory encompasses the Horn River Basin) has recently gone public with a petition to mandate improved governance of water withdrawals [103] , citing dissatisfaction with the current consultation process. There is growing collaboration between upstream and downstream First Nations, amidst a burgeoning solidarity movement concerning pipelines in BC (with rampant opposition to the proposed Enbridge pipeline to carry Alberta bitumen to tidewater), and nation-wide in protest to the budget bills that have dramatically altered legislation affecting First Nations and treaty rights [104] . The alignment between environmental groups and First Nations has a powerful catalyst for resistance movements in BC in the past, especially with regards to forestry [105, 106] .
Forming the backdrop of such concerns is the question of at what level of benefits BC is prepared to facilitate the natural gas industry, and whether the industry can deliver on promised revenue in exchange for liquidating natural resources. The price of natural gas, measured in gigajoules (gJ), dropped to $2.15 in 2012 (falling from $6.33 gJ in 2008), with every 50-cent change in the price of natural gas reducing provincial revenues from between $72 million to $110 million. This drop in natural gas prices means a drop in revenue of $1.1 billion over the next three years [107] . In an indication of how important natural gas revenue already is to the province, this caused a mid-year budget crisis as actual revenue in 2012 was much lower than expected. A variety of policy tools could be used to address the economic uncertainties associated with shale gas development, ensure that it is offering a fair deal to BC citizens, ensure that the province retains resilience in the face of the volatility of the industry, most focusing on taxation and royalty regimes, including consideration for how those revenues are channeled into public goods. At present, there is not a robust consultation process to solicit and respond to public concerns.
The constellation of concerns generating resistance thus includes not only landscape-level environmental impacts, but global climate change and the precedent BC sets; process-driven concerns over Aboriginal rights and title; and concerns about democratic legitimacy of revised legislation. The diversity of concerns raised about shale gas development-including many that exceed the imperatives of regulating the industry to be consistent with climate mitigation-show considerable convergence when it comes to charting a policy framework. Implementing robust cumulative effects assessment and management would help to address those concerns focused on landscape, water and air impacts of the industry. Involving those communities most immediately affected by development, to ensure that treaty rights are being respected, is particularly important in this regard, providing a context for citizens to articulate their priorities for how development should proceed, the tradeoffs they are willing to consider and the securities they require. Slowing the pace of development, revisiting the scale and scope of LNG infrastructure permitted, and allowing the industry to prove itself economically would also play a role. This would need to be supplemented by a strengthened regulatory and enforcement regime.
To date, these steps are not occurring. At this point even fairly modest regulation of the industry-such as cumulative impacts assessment, or emissions pricing-are perceived to threaten the economic viability of the industry, raising fundamental questions about the inclination and capacity of the state to engage in more muscular efforts to shape energy system development. To constrain the pace of development is perceived to be irreconcilable with the race to secure contracts producing for Asian markets amidst fierce international competition. Current governance institutions appear either constrained or unwilling to impose costs, actively control and shape development, or plan to scale back development in the future.
However, simply facilitating industry expansion brings about its own dilemma: resistance to the industry, combined with a wider perception that both provincial and federal governments are systematically ignoring or attacking existing legislation designed to protect the public's interest in natural resource management, threatens both the industry's social licence to operate and the governments' legitimacy, posing wider challenges for each. The wider challenges that mitigating climate change poses to our political institutions, and how these are intertwined with broader questions of environmental protection and social justice, become ever clearer, pushing towards a crisis point, or governance innovations that might ease these tensions. Either way, the challenge to the state is profound.
Conclusions
The BC case reveals that the emergence of abundant unconventional fossil fuels does not necessarily ease the challenges for states facing the need to mitigate climate change. Quite the contrary: abundant unconventional fossil fuels pose these challenges ever more intensely, revealing in particular the limitations of our current institutions of governance.
While BC is an exceptional case, the challenges in BC speak to global conditions for jurisdictions developing shale gas. If BC cannot regulate the industry, we suggest it is likely other jurisdictions will face the same constraints when struggling with intersecting technical and governance challenges of reconciling gas development and climate change mitigation, and of managing the benefits and impacts of the industry adequately to minimize resistance. Based on this analysis, we find that governance challenges surpass technical challenges of rendering unconventional gas consistent with climate mitigation, with current governance institutions constrained or unwilling to impose costs, actively shape development, or plan strategically to integrate gas development into a low carbon energy system. These conditions produce a dilemma for the state, insofar as its failure to regulate the industry incurs growing resistance. Put differently, absent concerns about climate change, the challenges posed by ramping up the shale gas industry point to the need for a state with greater inclination and capacity to govern the industry in the best interest of its population. To the extent that this resistance also pushes towards governance of the industry in ways that are consistent with climate mitigation, the challenge posed to the state increases dramatically. As suggested above, the challenge of mitigating climate in an era of shale gas extraction points to the need for a different kind of state, one that is capable of judicious market intervention, long-term planning for energy system development with consideration for environmental sustainability, and enhanced inter-jurisdictional cooperation.
In our view, this is the dilemma that shale gas poses: in its abundance resides an abundance of governance challenges, challenges that extend far beyond the technical and even regulatory, and towards what the state will be in the era of climate mitigation. Crucially, the determining factor in whether or how the state moves towards effective governance in these areas will be public resistance, both to the shale gas industry specifically and to practices that compromise climate mitigation more generally.
